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Executive Summary: 
This report discusses the design of a prototype transformable putting green that can be programmed to 
recreate the topography of any putting green. The goal of the design was to give a realistic putting 
experience with real topography in an indoor environment. This report discusses the design of a pair of 
4’x4’ module prototypes; a commercial implementation of this design would utilize a number of 
modules to create putting greens on a more realistic scale (example 12’x32’). The design of a full size 
transformable putting green necessitates a topographical range of up to 30”. After initial concepts and 
preliminary designs it was determined that the budget was insufficient for a putting green with a full 
topographical range of 30”. To reduce cost while still providing a proof of concept, the design scope was 
reduced to a smaller topographical range. This design presents a 4’x8’ prototype consisting of two 4’x4’ 
modules each with a topographical range of 6” across their width.  
The prototype uses an array of linear actuators to create the topography. The actuators are mounted 
vertically in a frame and are placed in a square grid array. Each module contains a 6x6 array of actuators 
(or 36 actuators per module) with 8 inch spacing between the centers of each actuator. Each of the 
linear actuators has a vertical range of 6”. The actuators are attached to a subsurface to carry the loads 
between the actuators and to create a uniform surface. The primary purpose of the subsurface is to 
create a smoothly contoured putting surface that simulates the smooth curves of a putting green. 
Attached to the subsurface is an artificial turf that creates a seamless, realistic putting surface.  
Each module is controlled by a microcontroller. The microcontroller dictates the steps for all the stepper 
motors in each of the linear actuators. The use of stepper motors on the linear actuators gives precise 
control over the resolution of the putting surface. The micro-controllers are governed by a computers 
controlling function which dictates the steps of the motors. Power to the stepper motors is supplied by a 
computer power supply that runs on a standard 110 volt AC circuit.  However, a 220 volt AC circuit can 
be used for larger module arrays.  
Each 4’x4’ module is self-contained and can be moved via castor wheels mounted on the base of each 
module. The electronic control interface between each module and the computer USB connection. Each 
of the prototype modules is 4’x4’x10” tall and weighs 250lbs. The cost to produce two modules with an 
included 10% over-run protection is $5,409.44    
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1. Introduction 
Golfing is a recreational activity enjoyed by millions. The most difficult aspect of golfing is putting and 
the only way to improve is frequent practice. However, in places where space is limited or in climates 
where year round golfing is not possible, the ability to putt year round is very attractive. The 
transformable putting green was designed to fill that role.  
The prototype design is based on an array of actuator modules set in an aluminum T-slot frame.  Each 
actuator in the array can be individually controlled to form different topographies. The actuators are 
driven by stepper motors that receive steps through the motor controllers. Each actuator assembly has 
an individual motor controller that receives step signals from the microcontroller. In a commercial 
application the microcontrollers will be connected to a computer terminal where the user may select 
the desired topography and the desired hole location. Once a green topography is selected the data is 
interpreted from topography data into step values and sent to the microcontrollers which then dictate 
the steps to the individual actuators to reproduce the desired topography. An array of 36 actuators on 
an 8” spacing makes up one 4’x4’ module. Because the prototype is designed to be modular, it is 
possible to create a custom size green without having to change the design of the prototype and 
thereby avoid having to build a custom green for each customer.    
The modularity of this design also caters to tight spaces by allowing only the necessary parts of the 
green to be reproduced.  The part of the green that is necessary for a putt is the lane between the hole 
and the ball.  Once a desired putt has been selected by the user, the computer will determine the area 
of the green that will be required for the putt.  The width of this putting lane is determined by how 
many modules make up the width of the re-configurable putting green. 
Many requirements were derived from what the initial design dictated as will be explained later in this 
paper.  Tests, analysis, and trade studies provide a detailed account of the design process as well as the 
components that were chosen based on these results. 
2. Background  
Some may say that a re-configurable putting green is unnecessary due to locations with warm climates 
where year round golfing is readily available.  But what about the places where weather does not permit 
year round golfing, or locations where space is expensive due to large populations?  In both these cases 
there is a need for a compact putting green that can change its’ topography to allow for year round 
practice on a variety of putting greens.  
The idea for this project came from the customer’s visit to Japan.  Japan has a population of 127 million 
people [1] and a total land space of 142 thousand square miles [2], which is approximately 900 people 
per square mile.  In such a crowded place the customer came up with an idea to provide a way for 
putting practice that was economical and space efficient.  With this new technology, the putting green 
could be installed at various locations: a golf course club house, an apartment building, at a school 
athletic center, etc.  The modularity of this design provides for a very large range of possibilities.  The 
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design was created to provide a putting green surface that simulates any putting green the user wants.  
This makes the opportunity of year round putting practice available to more people in more locations.  
3. Statement of Problem 
The design question was formulated from analyzing the design objective and the design need. How will 
we provide an indoor putting green surface for year round practice in limited space while using new 
technology and staying within our given budget?  The putting green must simulate challenges presented 
by actual green topographies and provides indoor putting practice where in other circumstances this 
would be impossible. 
It was originally found that an extreme putting green had a maximum elevation difference of about 1” 
per linear foot (see Appendix C).  This would mean that over an average green size of 30’x30’ an 
elevation difference of 30” would be needed.  Therefore, the original design started out with two layers 
of actuators for fine and course adjustment in order to meet the 30” elevation difference.  However, 
because of cost concerns as well as considering that this prototype is mainly going to be used to show 
the proof of concept, the scope of the project was limited to just the fine adjustment actuators giving an 
elevation difference of 6” for each module of 4’ length.   
With the invention of this new putting technology, there are assumptions that go along with the design 
process. During the design process the following assumptions were made: indoor use, installed on a flat 
surface, and installed in a controlled environment.  These assumptions provide the knowledge that 
weather will not be a factor in the maintenance of the modules. The maintenance was determined with 
these assumptions in place. They also guarantee that calculations made are correct when assumed that 
the putting green is installed on a flat surface. The surface it is installed on determines angles of force 
that occur within the modules.  
There are some factors that affect the design of the reconfigurable putting green.  The design needs to 
be modular for transportation, installation, and custom sizes.  This affects the electrical components of 
the design by making it critical that all the components work together on a modular basis.  The green 
topographies also affect the design.  The largest slope of actual green topographies needs to be 
simulated with the reconfigurable putting green.  This goes to affect the mechanical components of the 
project. 
4. Hardware 
4.1 Overview 
The design will be explained from the top down.  The putting surface is where the user will stand and 
putt.  Beneath the putting surface is a sub-surface intended to give the putting surface support and 
stability throughout.  The sub-surface is attached to the tops of the actuators by way of a custom 
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interface.  This interface is known in this report as the actuator tops.  The actuator tops are mounted on 
an ACME threaded lead screw which is driven by a motor beneath it.   
4.2 Putting Surface 
The putting surface is the artificial turf that serves as the main interface with the user. The design of this 
project was such that the putting surface could be chosen strictly on the basis of realism and durability; 
it contributes nothing to the structural integrity of the project. One of the qualities needed in the 
putting surface is that it be able to bend.  In order to conform to the contours of a putting green 
topography, which is outlined by the actuators and subsurface beneath it the surface must be flexible 
and be able to bend with the 
adjustments in elevation. 
A large number of artificial turf 
products are available, but very few 
simulate an actual putting green grass 
surface in a convincing way. The 
chosen product for this design is 
Birdie Ball Turf [see Appendix A for 
specifications]. The product fulfills its 
design requirement in the following 
ways. First, the “grass” side of the turf 
simulates the look, feel, and rolling 
resistance of real grass. Second, the turf has a high density foam-rubber backing on it. This foam backing 
gives the turf a realistic feel when it is stepped on by depressing slightly like a real grass surface would.     
4.3 Subsurface 
Using linear actuators for the height adjustment of the putting surface there is a need to provide 
support for the putting green material between the locations of the actuators. The subsurface needs the 
capabilities to allow the actuators to move to the needed topographical positions while being able to 
support the putting surface and the required 300lbs per 4 square feet.  Several possible materials were 
considered in order to meet the needs explained above.  The trade study in Table 2 demonstrates the 
top materials considered. 
Figure 1: Representation of the turf putting surface on the polypropylene 
subsurface. 
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Table 1: Subsurface trade study in order to compare materials against each other 
  
As can be seen from the trade study the only material that meets all the requirements is the trampoline 
fabric.  The plan is to use a fabric weave of polypropylene, commonly used in the manufacturing of 
trampolines, in two layers in order to get the strength we need in all directions.  Each layer of fabric has 
a bidirectional weave as can be seen in figure 2. 
 
Figure 2: Polypropylene weave, commonly used in the manufacturing of trampolines. 
The two layers will be oriented with one at a 0°/90° directional weave and the second to form a 
45°/135° in order to create a support material to span the distances between the actuator tops and 
8 
 
carry the weight in all directions. This polypropylene material layer will provide support needed 
between the actuators while still allowing the topographical changes needed for the putting green 
surface. 
Figure 3 demonstrates the layout of the complete putting surface configuration.   
 
Figure 3: Layout of putting surface configuration (cup attachment varied). 
The green surface on top will be adhered to the 2-ply weave of trampoline fabric.  Also shown in figure 3 
is the cup that will be installed in the surface.  There will be one full piece of this surface configuration 
cut to the size of the complete modular layout in order to avoid seams in the putting surface. 
In order to access the modular motor assemblies for maintenance and service the surface must be 
capable of being removed from the linear actuators. The means devised for this attachment is to use 
button and socket assemblies that will allow the repeated installation and removal of the sub layer by 
simply snapping them on and off.  This will allow for easy access to service components and also enable 
the separation of the modules for transportation. 
4.4 Actuator Tops 
The linear actuator top is a component that transfers loads from the putting surface to the ACME 
threads of the linear actuator and the base plate. The design of the component needed to allow the 
surface to maintain a smooth contour when the actuator array was set to more extreme contours. The 
best way to transmit a load effectively is to have a large area over which the load can be spread. 
However, the best way to maintain a smooth contour is to have small flexible actuator feet. The best 
way to combine these two characteristics is a tapered profile.   
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Figure 4: Actuator top layout with rubber foot, button attachment, and connection to ACME lead screw on bottom. 
The design of the actuator top, as portrayed in figure 4, was aided by basic tests run with a 3x3 actuator 
model. The purpose of these tests where qualitative more than quantitative. The results of the tests 
confirmed the ideas stated in the previous paragraph.  First, for the design loads to be transmitted from 
the subsurface to the actuators, a pad of some sort was needed to spread out the point load from the 
actuators. Second, the actuator tops need to be flexible enough so they gave a smooth contour when 
the actuators were set at maximum deflection. The best way to combine these two test observations is 
to create a funnel shaped actuator pad. To reduce project costs it was decided to purchase the actuator 
feet off the shelf. 
The closest off the shelf product is a drill mounted sanding pad backer. The design of the pad backer has 
the key features needed for the actuator feet [3]. The pad backer accomplishes the design need of the 
actuator foot at a much lower cost than building a custom actuator foot.  The chosen pad backer has a 
diameter of 3”. 
The pad backer has the female side of the metal snap that hold the subsurface in place mounted in the 
center of the side in contact with the subsurface. The steel shaft that is threaded into the bottom of the 
backer pad rotates in a sleeve bearing in the top of the ACME threads. 
4.5 Actuator Assembly 
4.5.1 Motor 
There are multiple requirements in the selection of the motors to drive the linear actuators. Most 
importantly the motors must have a torque rating sufficient to drive the surface to the desired contours. 
The next requirement is the speed of the motors. The motors must be able to reach a speed that will 
complete any surface transformation within the allotted time frame of 30 seconds. Without an external 
means to determine the height of the linear actuator, the motor must be able to turn through a desired 
angle. The last requirements are the power required to drive the motor and the cost of the motor.   
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The motors need to have a sufficient torque in order to spin the ACME thread rod, to raise the adapter 
foot and to overcome the tension created by the subsurface. Calculations have shown that the motors 
will need to have a torque of .98 kg-cm (see Appendix B). 
The speed of the motor needed is dependent upon the pitch 
of the ACME thread rod that is used. With the designed 
thread pitch of 1/10 the motor would need to spin at 120rpm 
in order to move through the 6” of adjustability in 30 
seconds. 
By using a stepper motor the angle that the motor is rotated 
through can easily be controlled with the use of an open loop 
control system that sends the desired amount of steps the 
motor is required to move through in order to achieve the 
desired position. 
The cost and power consumption of the motors are as 
minimized as possible without compromising any of the other 
requirements set forth by the motors. 
The motor that was chosen (figure 5) is the SY42STH46-1206A 
stepper motor with a torque of 3.17 kg-cm, max rotational 
speed of 600rpm, power consumption of 4.8watts and a cost 
of $14.  This meets all of the set requirements for the motor.   
 
4.5.2 Lead Screw and Collar 
As was mentioned in the previous section, an ACME threaded lead screw is to be used with a thread 
pitch of 1/10.  The diameter of the lead screw is to be 3/4”.  This is to create a large enough friction as to 
produce a holding torque able to take the required load when the motor is off.  Also the large diameter 
is needed in order to drill into the actuator tops to be attached. 
The collar that the lead screw will pass through in order to raise and lower the putting surface will be an 
oil filled bearing grade bronze collar (Part #8931K89 on McMaster.com).  This will reduce on the 
maintenance costs of the actuator assembly.  The oil filled bronze will suffice as the only lubrication 
needed for the lead screw.  The collar is to be mounted on the steel plate and will take the bulk of the 
load and transfer it from the lead screw to the steel plate itself.  (For more details see drawing package) 
4.5.3 Heat Dissipation 
Because we are going to have 36 actuators in every 16 square feet, each module of 4 feet by 4 feet, 
there was concern of overheating the actuators.  To address this concern a quick calculation was done in 
Figure 5: Stepper motor used in prototype 
(SY42STH46-1206A) 
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order to evaluate the need of some sort of cooling. According to the sales technician the motor is not to 
exceed a temperature of 80°C.  Assuming the underside of the module falls in the realm of free 
convection, we take a tabulated value for the convection coefficient [4] to match our calculated 
convection coefficient in the range of 2-25 W/(m2K ) .  In order to evaluate worst case conditions the 
heat dissipated was calculated using a convection coefficient from the low end of the spectrum.  With a 
surrounding air temperature of 50°C and if the motors are just holding the full torque so that most of 
the power is dissipated, then there is a chance that the air will get warm enough to cause the motors to 
overheat.  (For detailed calculations see Appendix B).  However, our calculations also show that the 
holding torque of the motors will not be needed due to the sufficient amount of friction on the lead 
screw.  Therefore, the motors should not reach a warm enough state to overheat.  More testing on this 
will be done with the prototype. 
4.6 Actuator Array  
Requirements set forth for the actuator array include the ability for the surface to meet the 
topographical requirements for the putting surface and for the support of the surface and other loads. 
The spacing of the actuators and the pattern for the layout needed to be established. For most 3D 
parametric modeling a triangular mesh is the preferred method of design. This approach was researched 
and while it has a good number of actuators per area the modular design of this project created a 
clearance problem. Where individual modules mate together there is a required minimum clearance 
between the center of an actuator and the mating line between two modules. With a triangular array 
the spacing left a clearance smaller than the allowable clearance, as shown in figure 4.  This combined 
with a more complex layout led to this option not being used. 
 
Figure 6:  Triangular patterned array. 
The next layout analyzed was a simple square. This design leads to a clearance that is greater than the 
required minimum and a regular pattern that makes the layout of the underlying frame easy to 
fabricate. Higher orders of geometric shapes were also analyzed but they all led to an increase in 
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complexity and further issues in clearance.  The optimal layout determined was the square pattern as 
shown in figure 5. 
 
Figure 7:  Square patterned array. 
The spacing of the actuators was determined by many things including: an analysis of the minimum 
distance needed to provide room for clearance and installation of the actuators, the distance needed 
between actuators to accurately replicate the desired putting green surface topography, the number of 
actuators to create an equal spacing in the module, and the overall cost of the actuators. 
The minimum physical spacing needed was determined by the dimensions of the linear actuator 
assembly along with a clearance value for attachment, frame support and electrical cabling. The 
dimension of the motor being used is 1.7 inches square. Using this dimension plus a clearance of 2 
inches between motors gives a physical minimum distance between motor centers to be 3.7 inches for a 
square array. The spacing available to create useable equal spacing in a 4 foot square module is: 4”, 6”, 
8”, 12”, and 16”. From a cost and complexity view the number of motors should be minimized which will 
lead to a larger spacing. For the surface topography the smaller the distance between the actuator will 
allow a more accurate representation of the desired putting surface. Using these parameters with cost 
being a major factor, the determined spacing is 8” from center to center of each actuator, giving a total 
of 36 actuator assemblies per 4’x4’ module. This will give the clearance needed between motors and 
allow the power and control devices to be installed underneath the surface within the module cavity. 
4.7 Aluminum T-Slot Frame 
The original design of the frame used angle iron and a 4’x4’x0.25” steel plate mounted on top.  This, 
however, was going to weight a lot and would not facilitate easy transportation of the putting green.  
Because of this the design was changed to use T-slot Aluminum, manufactured by Future.  The t-slot 
gives the required strength but weights less than half of what the steel and angle frame would have.  It 
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also provides for a much easier assembly of the frame and attachment of the actuator modules.  (See 
drawing package for details on t-slot configuration.) 
4.8 Power Requirement 
Due to the design requirement to be able to power both modules from the wall, the entire system has 
been designed to meet that requirement.  From a standard 110 volt 15 amp wall outlet, there are 1650 
watts available.   A design goal was set for each of the 4x4 modules to use less than 825 watts so that 
the entire system will be able to be powered from a single wall socket.   A solution has been designed to 
accommodate all of the different power requirements that are required for the system as will be 
explained below. The final power drawn for each of the modules is less than 350 watts which will allow 
the use of smaller power supplies and allows the ability for the installation in either a commercial or 
residential application. 
Each of the stepper motors is going to need a 12 VDC source in order to function properly.  The current 
design calls for simple 110 VAC to 12 VDC power converters that are to be used to power all of the 
motor controllers which will power the motors themselves.  From the 12 V source a 5 V source will be 
needed to power all of the miscellaneous circuitry in the system including the memory and the 
demultiplexors. 
In order to generate both the 12 and the 5 VDC solutions simple computer converters will be used.  
These converters are commonly available as well as inexpensive and will provide all the needed power 
for the electrical components.  There are two converters on each 4’x4’ module. 
For a large scale installation of a modular putting green surface this power design allows a simple switch 
to a 220 volt circuit where each leg of the 220 volt supply would be able to provide power to half of the 
modules creating a balanced system. 
4.9 Electrical Layout  
The physical layout of the internal hardware of our system can be seen in a very high level view in figure 
10.  The diagram shows a very simple outline of how the entire system is going to work together to 
accomplish the requirements that have been set forth in this project.  The hardware system is designed 
in such a way as to accommodate the critical timing constraints for the moving surface, as well as the 
power requirements to run the system. 
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Figure 8:  Physical layout of the internal hardware of the entire system. 
The controlling computer is going to be the mastermind behind all of the movement of the 
reconfigurable putting green.  But although it does most of the thinking, it needs to transmit its thoughts 
out to all of the actuators in some method such that the surface of the putting green is going to be able 
to change.  Thus the entire physical layout of the hardware described in this section is to enable a fast 
and reliable methodology to accomplish this data transfer. 
The first step in transmitting the data is getting it from the computer.  It has been decided that the USB 
protocol will be used for this design.  The amazing thing about our current choice is that in future 
models each component has been designed with a black box methodology in mind such that any 
communications protocol can be interchanged.  That being said, USB has been selected for this 
implementation of the project due to budget constraints, but in future implementation, different 
protocols, such as 802.11 (Wi-Fi) can be implemented. 
The data transmitted from the computer is going to be received by a microcontroller.  Each module in 
the system is going to have its own microcontroller to receive the data that is being transmitted from 
the computer to that module.  Each microcontroller is going to be used to enable a faster 
transformation time of the entire system.  The reason a microcontroller is used in each module is for the 
purpose of scalability.  For this initial design it is possible to remove the controllers from the array and 
control the entire surface from the computer.  The problem with that solution is that in future designs 
when the array of modules increases, the overall transformation time is going to decrease dramatically.  
This design was chosen for future scalability. 
The interface from the microcontroller to the stepper motors is a very simple design built from memory 
devices (flip-flops), de-multiplexors to select the desired memory device, and some simple buffers to 
drive the step signal to all of the stepper motors.  The beauty of this solution is not only in the simplicity 
but in the ease of moving the entire surface at once.  Because of the resolution requirement of the 
system is much greater than the resolution of a single step of the stepper motor, a single stepper motor 
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is going to be traveling in the same direction for multiple steps.  The physical design that has been 
developed takes advantage of that fact as described below.  
Each stepper controller needs three signals from the microcontroller in order to take a step.  The signals 
are enable, the direction, and the step signal.  Because the stepper motor is going to be going in the 
same direction and be enabled for multiple steps, the physical design that has been developed will set 
the direction and the enable signals for every single stepper motor in the array and hold them in the 
memory devices.  After these signals have been set, the step signal will be sent through a buffer and 
sent to every motor controller in the module. This way the direction and enable signals will only have to 
be set periodically.  In this design it has been determined to do this every 25 steps.  That allows us to 
move the green surface in 1/80 of an inch increments, much finer than the required resolution.  Because 
the step signal is driven by a timer interrupt, the enable and direction signals for the next 25 steps are 
being calculated simultaneous to sending the step pulses.  If the controlling function needs to send 
intermediate states to the microcontroller this would happen during the sending of the step pulses as 
well.  If it is found that the microcontroller is unable to process everything during this time, the number 
of step pulses can be increased up to 500, which translates into ½ inch of actuator travel, the minimum 
resolution. 
4.9.1 Microcontroller   
The first design question that was faced when determining what microcontroller to use was the 
communications interface that was going to be used to communicate the data from the computer to the 
microcontroller.  There are many different protocols that could be implemented for this project.  The 
major contenders that were considered for this project were USB, Ethernet, and 802.11.  Other 
protocols that were investigated did not meet the requirements for speed. 
 Of the protocols that were able to be implemented for this project the major factor was cost, with the 
availability of the supplies and parts as a secondary concern.  Because of cost constraints the current 
design of this project implements the USB interface between the computer and the microcontroller.  
The USB interface can address 127 different nodes, and with repeaters can be transferred at a distance 
of 30 meters.  
Because of the design of the system, any of the different protocols can be substituted into the black box 
design.  The overall system does not depend on a certain type of communications interface, the 
important thing is that the data is transferred quickly to all of the microcontrollers in the system.  Future 
designs can simply switch to different communications protocols such as 802.11 or Ethernet with larger 
ranges and more addressable nodes by simply changing the methodology of transmit and receive on the 
computer and microcontroller respectively. 
The microcontroller chosen for this design is the C8051F320 from Silicon Laboratories (Silabs).  The 
major constraints in selecting a microcontroller were the design requirements of timing, cost, and ability 
to interface with the design that has been outlined.  The Silabs C8051F320 has a 48 MHz clock, which 
will enable data transfer at full USB 2.0 speeds.  This will enable all of the timing requirements to be 
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met.  The next important aspect of this microcontroller is the number of digital I/O pins that are used to 
control all of the circuitry at a module-by-module basis.  With 25 pins it has enough for the 13 pins 
required by the design plus room for expansion with future features. 
Another important aspect of the Silabs C8051F320 is that is has a built in USB controller which allows 
the communication protocols to be customized in the firmware.  This interface will also power the 
microcontroller, implying that the power solution for the hardware is simplified in that regard.  This 
microcontroller has been chosen because it meets all of the design requirements and is familiar to the 
designers. 
4.9.2 Motor Controller 
The first criterion that the motor controller needs to meet is to interface with the selected motor.  For 
that to be the case the motor controller must be able to pass 1.2A to the motor itself.  That was a 
limiting factor in one of the controllers looked at.  The next criterion that the motor controller needs is 
simplicity in control signals. Having a limited number of signals takes a lot of the work off of the 
microcontroller.  The microcontroller only needs to generate three signals: step, enable, direction.  All 
three of these signals are standard and are contained on all of the controllers considered. 
Because these criteria were met the deciding factor in selecting a motor controller was the 
interconnection simplicity as well as the cost.  The selected motor controller is the A4988 Pololu.  This 
controller was selected because it meets the specifications for the motor.  This controller is also cheap 
as well as simple to interface with.  This controller meets all of the requirements that it needs to in order 
to meet the design requirements. 
5. Software 
5.1  Computer Program 
The current computer program software design is partitioned into two parts that are explained 
independently below.  The first part is the users interface.  This is the part of the program with which 
the common user is going to interact, called the GUI (graphical user interface).  After a user has selected 
the information from the GUI, the data is going to be sent to the other part of the program entitled the 
controlling function.  This function is going to be in charge of controlling all of the microcontrollers in the 
system, which will in turn control all of the surfaces.  This allows the user interface to change or be 
entirely replaced without the need to change the controlling function at all. 
5.1.1 GUI 
For the final product that is going to go to market, the GUI is probably one of the most important 
aspects of this project.  But for the project that is being designed as a prototype, the most important 
aspect is the controlling function as well as the entire control system is to show a proof of concept.  That 
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being said, the majority of design work has gone into the control system and less time has been spent 
developing a workable GUI.  The GUI has been broken down into three tiers, the third tier is going to be 
implemented upon production, and the first tier has been used as a goal for this prototype. 
Tier 1 is a very simple interface that will only allow a user to select a course.  Tier one doesn’t even 
necessarily show the course that is being selected.  This tier has been inserted to ensure that an 
interface between the system and the user is usable.  This type of GUI will only do the basics but it will 
do the basics and accomplish the task that is has been sent to do. 
Tier 2 is a little more complex than tier 1, but is not yet a production model.   Tier 2 involves picking a 
course from some preselected courses.  Once the course has been selected some type of green image 
will appear on the screen and the user is able to select from a few pre-defined putts which one they 
want to use.  Tier 1 will only allow a user to select a course, and then a single putt will be used for that 
course.  Tier 2 is going to allow the user to select from multiple putts from a given course. 
Tier 3 is going to be the goal for production.  Tier 3 will be a fully functional GUI with a very simple user 
interface.  Figure 11 shows a mockup of what the tier 3 GUI might look like. 
 
Figure 9: Mockup of what the tier 3 GUI may look like. 
This interface is going to allow the user to select from any course that they desire, or even load a green 
from a specified green format into the system.  After this choice has been selected the program will 
allow the user to select a pin location on the green, and then from the pin location the user is going to 
be able to pick a location for the ball to be placed.  From these two points the GUI will extrapolate the 
data from the green and pass the information to the controlling functions.  The earlier two tiers did not 
need to do any data extrapolation because the putting alleys were pre-determined.  
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For the purpose of this prototype design the goal is going to be to generate something along the lines of 
the Tier 1 design outlined above. The user experience will not be as exciting, but it will enable the 
controlling function and the control system to correctly do their jobs, which will enable to product to 
successfully show a proof of concept. 
5.1.2 Controlling Function 
The controlling function is the main brain behind the entire system.  The most important thing that the 
controlling function is going to do is to take a matrix of integers representing the actuator positions and 
handle all communications with the microcontrollers.  Once the system is set up, the green will be 
represented as a single entity outside of the controlling function meaning the details of the 
communication are seen as a black box to the GUI. 
The next important design choice in the controlling function was to develop it so that it will be 
expandable for future implementation.  The current implementation of the reconfigurable putting green 
will simply have a 6 inch elevation range to vary over.  In future implementations of the putting green, 
the range will want to be increased so as to allow for more greens that are representable.   
For the design requirements that have been given, a simple greedy algorithm can be implemented by 
the controlling function to ensure that all of the actuators are going to be able to arrive at their final 
state solutions without destroying the surface by entering into an illegal state. 
The final use that the controlling function is going to handle is the harmonization of all of the different 
modules in the system.  Each module has its own microcontroller that is going to be telling the actuators 
to move up and down.  Because all of the actuator modules are connected via the surface, they all need 
to move at the relatively same time so as not to enter into an illegal state and ruin the surface.  The 
controlling function is going to be able to harmonize the steps of the stepper motors so as to ensure 
that no module is transforming too fast or too slow. 
5.1.3 Expandability 
The entire software package has been developed in such a way as to encourage future innovation into 
the market of electronic devices.  As has been shown, the controlling function simply needs an array of 
data from the GUI in order to work.  If so desired in future implementations of the design, the GUI and 
the controlling function do not need to both be contained within the same machine.  
The realization that these two systems do not have to be on the same system opens up a whole lot of 
possible future improvements.  One of the most obvious is to put the controlling function into a 
computer that is connected to the putting green and then have the GUI interface that will communicate 
with the computer on a smart phone or some tablet PC.  The black box design methodology that was 
used to develop this control system will not depend on the location of the GUI and the control function. 
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5.2 Microcontroller Interface 
Our interface is actually a combination of two separate ideas.  Both of these ideas are integrated in 
order to optimize both speed and expandability.  The first of the two ideas is a methodology developed 
by the design team entitled a rolling buffers algorithm.  The second idea is called a final state 
transmission.  
5.2.1 Rolling Buffers 
The rolling buffers technique involves three different sections of memory that are constantly interpreted 
differently as the time goes on.  One of the buffers is considered the current state, one is considered the 
next state, and the final is considered the next-next state.  Figure 12 puts a face to this idea. 
                
Figure 10:  Diagram of the concept of rolling buffers. 
The current state is the current location of all of the different actuators on a given module.  The next 
state is the state that the microcontroller is going to be moving the actuators to.  Thus the 
microcontroller can determine the enable and direction pins from the difference between the next state 
and the current state buffers.  After the microcontroller has stepped to the next state, we can 
reinterpret the next state buffer as the new current state buffer, because that has become the current 
configuration of the actuators on the module. 
The next-next state buffer is then assigned to be the next state buffer and the transformation process of 
the surface begins.  While the transformation is happening the controlling function is going to be 
sending data to the buffer that was the previous current state which is now the next-next state buffer.  
Once the microcontroller has reached its next goal it can use the buffer that has just recently received 
new data as the next state buffer to go for its next goal. 
The benefit of this solution is that it is very expandable for the future additions to the project that will 
be added.  It allows for the microcontroller to be receiving its next set of instructions while still 
executing the previous set.  This will enable many different types of movements and can actually help 
with future wow factors that will probably be added to the system. 
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5.2.2 Final State Transmission 
Another design solution that is a potential use to rectify the problem with having to send a different 
direction and enable signal for every step is to transmit the final state of the actuator array to the 
microcontroller and then set the direction once and then go on with the transformation.  This is 
portrayed by figure 13. 
 
Figure 11:  Diagram of the concept of final state transmission. 
This transformation is very fast, because the intermediate overhead will simply be to disable certain 
actuators from moving as they reach their final state.  This solution is possible due to the greedy 
algorithm that is going to be implemented as the transformation algorithm. 
The negative of the final state solution is that it is not expandable.  In future designs for the 
reconfigurable putting green, the final state transmission is not going to be flexible enough to design for 
all of the potential needs that are going to be required. 
If we combine the two aforementioned algorithms we can achieve all of our goals.  The combination of 
the two algorithms is possible because of the vertical resolution requirement for the putting green.  
Because we don’t need to be precise down to a single step, we can get the benefits of both solutions to 
the vertical resolution of the putting green by combining the two solutions into one. 
6. Cost Analysis  
The original requirement for the cost was to develop two modules within a budget of 5000 dollars. Using 
this as a guideline the individual components and assemblies were analyzed to meet the requirements 
and to stay within budget.  However, several unexpected expenses developed during the fabrication 
process and the complete cost came to ______.  A full table of costs and components is found in 
appendix A. 
For a larger scale design where a greater change in surface elevation is needed, a means of a ‘rough’ 
adjustment is needed with added cost to each module.  Also lighter weight frame and a more powerful 
motor could also be designed with an additional increase in overall cost. 
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7. Progress to date 
 
7.1 Completed 
One 4’x4’ module is complete, except for the microcontroller housing, and can be used as an example to 
complete the other. The second 4’x4’ module has four rows of actuators that have been tested and are 
installed into the frame. The polypropylene mat has the cup holder installed, along with all of the snap 
lock rivets. 
7.1.1 Frame 
The frame is complete with castor wheels on all four corners of the full 8’x4’ prototype and two leveling 
feet in the middle.  A bracing bar was also installed at the intersection of the two modules on the 
underside of the t-slot to add extra support to the prototype.  In the full scale design each corner of 
each module would have a leveling foot to enable custom installations on any solid surface. 
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7.1.2 Subsurface 
The trampoline subsurface is complete with all 72 snaps installed and ready for attachment to the 
actuator tops.  A pocket has been sewn into the trampoline material to house the cup.  The height of the 
cup in relation to the turf can be adjusted by inserting a spacer in the bottom of the sewn cup holder. 
7.1.3 Actuators 
The mechanical components of all 72 actuators have been assembled. 60 of the actuators have been 
tested and installed in the frame.  
7.1.4 Microcontrollers, Wiring, and Power Supplies 
The power wiring, including the power supplies, has been completely installed into the first module. The 
control wiring has been routed and attached, with the microcontroller still needing to be mounted. (See 
wiring details and schematics to wire the second module in drawing package) 
7.2 To Be Completed 
7.2.1 Actuators 
The tasks for the remaining actuators are as follows: 
 Attach motor controllers to sheet metal actuator frame and solder motor wires to controller 
 Verify smooth operation through full range of motion in both directions, up and down 
 Any adjustments to actuators needed to provide smooth operation if necessary 
 Installation of the remaining actuators into aluminum T-slot frame rails 
 Build sheet metal housings for microcontrollers and attach them to the T-slot frame 
 Complete wiring harnesses (power and logic) for second module and route along frame 
 Attach power supplies to second module 
 Make all electrical connections in motor controllers and the micro controller on second module 
 Ensure all actuators can run the zeroing function correctly 
 Attach polypropylene sub layer to actuators and laterally adjust actuators as needed for 
attachment and uniform surface 
7.3 Variations from Initial Design  
 Cup is placed in pocket sewn into polypropylene 
 Motor controller is attached to actuator frame via double sided foam tape 
 Vinyl bump stop placed under motor to prevent binding at startup 
 Actuator plate is attached to frame from underneath rather than on top 
 T-slot aluminum frame used instead of steel frame 
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7.4 Further Testing 
 Stiffer subsurface options to create smoother surface interpolation when loaded 
 Software  
7.5 Possible Upgrades 
 Upgrade subsurface after 7.4 testing is complete 
 Better GUI with more topographical data 
 Upgrade wiring harness from solid core wire with crimped butt connectors to multi-stranded 
wire with soldered and heat shrink tubing connections 
 Use separate electrical connectors for power and communication wire 
 Fasten motor controller board to the housing, high flex wire 
 Custom die for sheet metal housing 
 Larger diameter rubber foot assembly 
8. Summary  
A re-configurable putting green needed to be designed in order to make year round putting available to 
more people in more places of the world.  This was to be done through making a putting green that 
would be used indoors and be on a smaller scale than an outdoor, full size putting green.  But this 
putting green would still need to be able to replicate many different putting green topographies.  
The solution to this problem was conceived using the ideas of linear actuators under a putting green 
surface in order to raise and lower parts of the green to create the desired topographies.  A full-scale 
putting green of 32’x32’ would need a maximum difference in elevation of up to 30”, however since this 
design is much smaller scale, only 4’x8’, the range of this prototype is only 6” for each 4’ module length.  
In the future, in order to achieve a greater range of elevation difference another set of course scissor 
jack actuators may be added to the design to get the full range needed for a larger and more challenging 
putting greens.  As it is, 6” over the total length of the prototype (8’) is over the maximum elevation 
difference recommended for a typical putting green and therefore can provide a valid reconfiguration of 
a section of almost any known putting green in the world. 
This design is of a modular construction to enable easy scalability for larger putting greens.  Slight 
adjustments would have to be made on the power requirements of the system if more than a handful of 
modules are to be combined on a single wall circuit of 110 V.  The adjustments to be made would entail 
either upgrading to a higher voltage wall circuit (220 V) or simply using more than one circuit to power 
the complete putting green. 
The electronic configuration of the putting green is set up for easy scalability.  Once the module 
configuration is set, only a few inputs are needed to set up the controlling function and the putting 
green is ready for use. 
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Most of the improvements for future prototypes are in the area of finding cheaper components and 
cheaper manufacturing techniques.  Many of the components were chosen because of their availability 
in Logan, Utah.  Many of these components would be cheaper to buy in bulk and possibly by custom 
manufacturing a simpler design. 
Further study will go on into optimizing the putting surface and the subsurface beneath it.  The 
customer has presented many more options for putting green material as well as subsurface material in 
the last few weeks.  These materials will be tested against the present design and optimizations will be 
made.   
This design meets all of the customers’ requirements and has been designed based on good engineering 
techniques and procedures.  Refer to table 1 on page 6 for all of the requirements and how this design 
fulfills them.  
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10. Appendices 
Appendix A: Component Specifications 
Table of Components and Costs 
Two Piece Modular Design Costs 
Material Cost 
Number 
Required 
Net 
Hot Rolled Plate $142.00 2 $284.00 
Angle Iron $15.23 22 $335.06 
Housing/Edge Beautification $50.00 1 $50.00 
ACME Threaded Rod $60.38 8 $483.04 
ACME Tap $220.00 1 $220.00 
Motor Track Frame $20.69 4 $82.76 
Dowel pins for motor rotation restriction $12.08 2 $24.16 
Loose Ball Bearings $3.33 1 $3.33 
Subsurface Support $5.00 72 $360.00 
Snap Buttons $16.00 1 $16.00 
Snap Posts $21.00 1 $21.00 
Snap Covers $12.00 1 $12.00 
Trampoline Material $56.67 1 $56.67 
Putting Green (Birdie Ball) $130.00 1 $130.00 
Misc. Mechanical $40.00 1 $40.00 
Motor Plate $11.53 13 $149.89 
Screw Insert $29.12 12 $349.44 
Putting Cup $10.20 1 $10.20 
Micro-Controller $100.00 2 $200.00 
Stepper Motor $14.00 72 $1,008.00 
Motor Controller $9.71 72 $699.12 
USB Adapter $23.00 1 $23.00 
Wiring $100.00 2 $200.00 
Misc. Electrical Parts $20.00 1 $20.00 
PCB $20.00 2 $40.00 
Power Supply $35.00 2 $70.00 
Power Cord $20  1 $20.00 
Heat Ventilation Fan $10  1 $10.00 
10% Contingency $491.77 
Total $5,409.44 
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Birdie Ball 
Birdie ball is a Bi-directional dual stimp 5/8” thick synthetic putting green. No technical data about this 
product was released by the manufacturer, however a sample was obtained and qualitative tests were 
run on it. For its intended purpose in the project birdieball putting green fulfills its design need.    
Actuator Tops 
The actuator tops chosen are Harbor Freight Tools Central Pneumatic Professional. Item# 99561: 
Shank dimensions: 1-1/4" L x 1/4" diameter 
Overall dimensions: 2-3/8" L x 3-11/16" diameter, 
Shipping weight: 0.25 lbs. 
ACME Threaded Collar 
Part #8931K89 on McMaster.com 
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Appendix C: Tables, Graphs, Etc. 
Maximum Slope Chart 
 
Figure 12: Graph taken from “Putting Green Speeds, Slopes, and “Non-Conforming” Hole Locations” by 
Jerry Lemons. 
Table of Steel Plate Deflection 
Maximum Deflections of Steel Plate (inches) 
Thickness (in) Carbon Steel Alloy Steel Steel 
  1/16 0.2402 0.2402 0.21331 
  1/8  0.03002 0.03002 0.02666 
  3/16 0.0089 0.0089 0.0079 
  1/4  0.00375 0.00375 0.00333 
  5/16 0.00192 0.00192 0.00171 
  3/8  0.00111 0.00111 0.00099 
  7/16 0.0007 0.0007 0.00062 
  1/2  0.00047 0.00047 0.00042 
  9/16 0.00033 0.00033 0.00029 
  5/8  0.00024 0.00024 0.00021 
 11/16 0.00018 0.00018 0.00016 
  3/4  0.00014 0.00014 0.00012 
 13/16 0.00011 0.00011 0.0001 
  7/8  0.00009 0.00009 0.00008 
 15/16 0.00007 0.00007 0.00006 
1       0.00006 0.00006 0.00005 
 
PART NUMBER PART NAME QUANTITY TOTAL COST
D‐005 PLATE, MOUNT 72 $59.02
D‐006 PLATE, MOTOR 72 $67.24
D‐007 PLATE, GUIDE 72 $184.05
D‐008 SHAFT, ROTARY 72 $23.40
D‐009 NUT, ACME 72 $105.84
D‐011 ACME, ADJUST 72 $318.85
D‐012 DISK, MOD 72 $287.28
1182 CONTROLLER, MOTOR, STEPPER 72 $873.05
1200 MOTOR, STEPPER 72 $1,184.96
93‐XB‐107084‐1A BUTTON, THREADED 72 $39.95
98381A539 DOWEL PIN, 0.25 DIA X 0.625 LG 144 $21.72
9528K15 BALL, BEARING, GRADE 25 72 $23.40
9368T15 BUSHING 72 $61.21
98555A120 SNAP RING 72 $14.80
91251A537 SHCS, 1/4‐20 X 0.5 144 $9.69
91294A132 CSCS, M3 X 12MM 288 $33.72
91306A371 BHCS, 1/4‐20 X 0.25 144 $33.90
91375A143 SET SCREW, 6‐32 X 0.188 72 $9.07
9967 RUBBER BUMPER 72 $7.35
651105 T‐NUT, ECONO, 1/4‐20, 15S 144 $57.21
D‐013 FRAME 2 $560.30
D‐026 GUARD, PLASTIC 6 FUTURE
2369T51 CASTER 2 $24.02
2369T57 CASTER 2 $25.85
D‐017 SURFACE, PUTTING 1 SUPPLIED
D‐018 SURFACE, SUPPORT 2 $113.34
93‐XN‐10224‐1U SNAP, UPPER 72 $11.45
93‐NS‐10412‐1U SNAP, BACKING 72 $4.65
D‐023 MEMORY WIRING 1 $175.00
D‐024 PIN‐OUT WIRING 1 $108.65
D‐025 POWER WIRING 1 $135.54
D‐028 PLATE, SUPPORT 2 $13.46
93604A725 CARRIAGE BOLT, 1/2‐13 2 $15.32
TOTAL COST $4,603.29
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DATE
N SHAW
B
SIGNATURES
C
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
ASSY, ADJUST
00
.
2
5
0
1
.
7
5
0
3
.
2
5
0
3
.
5
0
0
.350
1.000
1.650
2.000
2X 
.134X R
1/4-20 UNC
1-14 UNS THRU 
THRU ALL  
2X  .266  THRU ALL
.250
3D
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
D D-005
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
B
C
2:1
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
PLATE, MOUNT
1.  MATL: 1018/1020 STEEL
NOTES:
2.  FINISH: BLACK ZINC
3.  BREAK CORNERS AND DEBURR
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B CHANGED OVERALL DIMS 4/14/2012 N SHAW
0.875
.
1
8
8
.
3
8
0
1.750
0
.
2
6
5
.
8
7
5
1
.
4
8
5
1
.
7
5
0
.265
.875
1.485
0
P.F. FOR 1/4" DOWEL PIN
 .250  THRU ALL
N SHAW
3
125
IS NOT TO BE REPRODUCED OR 
DISCLOSED HERIN OR HEREWITH 
ALL SMALL FILLETS .020-.040 4:1
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
3D
1
12/10/2011
N SHAW
C
SIGNATURES
12/10/2011
THIRD ANGLE PROJECTION
B
12/10/2011THIS DOCUMENT AND THE DATA 
D-006
DESCRIPTION
CHECKED
PARTS LIST
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
PLATE, MOTOR
22+0
 THRU
.052
+.002
THRU ALL 
.866 - .000
 .265  X 90°
4X  .134
4X R.13
4.  DIMENSIONS SHOWN IN [ ] ARE METRIC.
3.  BREAK CORNERS AND DEBURR
2.  FINISH: NATURAL
1.  MATL: 6000 SERIES ALUMINUM
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B REMOVED NEEDED HOLES 4/14/2012 N SHAW
00
.
2
5
0
.
7
3
7
1
.
2
2
5
6
.
7
4
9
1
2
.
8
1
5
1
8
.
8
2
7
1
9
.
3
1
4
1
9
.
5
6
4
.750
1.188
1.500
U
P
 
 
9
0
°
 
 
R
 
.
0
2
9
 
U
P
 
 
9
0
°
 
 
R
 
.
0
2
9
 
U
P
 
 
9
0
°
 
 
R
 
.
0
2
9
 
U
P
 
 
9
0
°
 
 
R
 
.
0
2
9
 
R.13
 THRU.2662X  
8-32 UNC  THRU
.060
1.80
8.31
2X .50
MIN BEND RAD
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B ADDED FINISH 4/14/2012 N SHAW
1.  MATL: STEEL
2.  FINISH: BLACK ZINC (AFTER BENDS)
3.  BREAK CORNERS AND DEBURR
125
IS NOT TO BE REPRODUCED OR 
DISCLOSED HERIN OR HEREWITH 
ALL SMALL FILLETS .020-.040 1:1
THIRD ANGLE PROJECTION
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
3D
N SHAW 12/10/2011
12/10/2011
D
1
3
N SHAW
D-007
SIGNATURES
C
DESCRIPTION
THIS DOCUMENT AND THE DATA 
CHECKED
PARTS LIST
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
N SHAW
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
12/10/2011
B
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
PLATE, GUIDE
0.
0
6
0
.
5
6
5
.
5
9
4
.
8
1
0
.
2
5
0
.375
1/4-20 UNC
MIN THREAD RELIEF
.015
.02
.002
45° X 
+.000.250 -
.029
3D
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
D D-008
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
A
C
8:1
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
SHAFT, ROTARY
1.  MATL: 4140 PHT
NOTES:
2.  FINISH: NATURAL
3.  BREAK CORNERS AND DEBURR
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
ALL SMALL FILLETS .020-.040
3D
SIGNATURES
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
4:1
1
12/10/2011
N SHAW
N SHAW 12/10/2011
D-009
DESCRIPTION
CHECKEDDISCLOSED HERIN OR HEREWITH 
IS NOT TO BE REPRODUCED OR 
PARTS LIST
3
125
SW
THIS DOCUMENT AND THE DATA 
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
12/10/2011
B
THIRD ANGLE PROJECTION
C
N SHAW
WRITTEN PERMISSION OF 
PART TO ANYONE WITHOUT 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
NUT, ACME
3.  BREAK CORNERS AND DEBURR
NOTES:
2.  FINISH: NATURAL
1.  MATL: POLYESTER ROD (MCMASTER CARR #8598K15)
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B CHANGED MATERIAL, WAS BRONZE 4/14/2012 N SHAW
3/4-10 ACME THRU
1.250
1-14 UNS
MIN THREAD RELIEF
.250
1.000
2X .04 45° X 
SECTION A-A
6-32 UNC UP TO .197
.375
.780
.106
±.001.250
.941
7.00
3D
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
D D-011
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
A
C
4:1
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
ACME, ADJUST
1.  MATL: 3/4-10 ACME THREADED ROD
2.  FINISH: NATURAL
3.  BREAK CORNERS AND DEBURR
4.  DIMENSIONS SHOWN IN [ ] ARE METRIC.
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
 .197[5] - .000[.00]
+.001[.01]  .500[12.70]
A
A
0.
1
8
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B DISC DIA. WAS 4" 4/14/2012 N SHAW
1.  PURCHASE AND ALTER INFORMATION:
     MAT'L/DESCRIP:  RUBBER/SANDING PAD HOLDER
     PART NUMBER:  99560
     SUPPLIER:  HARBOR FREIGHT
.56
10-32 UNF   THRU
A
A
125
IS NOT TO BE REPRODUCED OR 
DISCLOSED HERIN OR HEREWITH 
ALL SMALL FILLETS .020-.040 2:1
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
THIRD ANGLE PROJECTION
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
3
N SHAW
D-012
SIGNATURES
C
DESCRIPTION
THIS DOCUMENT AND THE DATA 
CHECKED
PARTS LIST
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
3D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
D B
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
DISK, MOD
SECTION A-A
26
.
7
5
0
0
1.75
4.75
9.75
12.75
17.75
20.75
25.75
28.75
32.25
33.75
36.75
41.75
44.75
48.00
2
1
.
2
5
4
8
.
0
0
2
4
3
1
3D
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
D D-013
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
B
C
1:6
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
FRAME
REVISIONS
REV.
4/17/2012 N SHAW
ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B WAS WELDMENT
NOTES:
1.  DIMENSIONS AND TOLERANCES APPLY AFTER WELDING.
ITEM NO. QTY. DESCRIPTION LENGTH MATERIAL
1 9 EXTRUSION 1.5 X 1.5 LIGHT 45 6061-T6
2 11 EXTRUSION 1.5 X 1.5 LIGHT 48 6061-T6
3 6 EXTRUSION 1.5 X 1.5 LIGHT 7 6061-T6
4 2 EXTRUSION 1.5 X 1.5 LIGHT 21.25 6061-T6
7.00
8.50
.25 STK
3D
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
12/10/2011
N SHAW 12/10/2011
12/10/2011
D D-026
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
A
C
1:2
N SHAW
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
GUARD, PLASTIC
45.90
4.90
1.  MATL: PLASTIC CARDBOARD, TRANSLUCENT
2.  FINISH: NATURAL
NOTES:
3.  BAG AND/OR TAG PART. APPLY PART NUMBER WITH DASH NUMBER
     AND  REVISION LETTER NEATLY AND LEGIBLY USING .12 HIGH CHARACTERS
     BY PRINTING IN PERMANENT INK ON TAG.  (EXAMPLE: 04XXXXX-01  REV A)
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
     PER COMMON SHOP PRACTICES.
1.  UNLESS OTHERWISE SPECIFIED, ASSEMBLE USING STANDARD HARDWARE AS
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B REMOVED ITEMS 4/17/2012 N SHAW
PART NUMBER DESCRIPTION MANUFACTURER QTY.
D-017 SURFACE, PUTTING 1
D-018 SURFACE, SUPPORT 2
93-XN-10224-1U SNAP, UPPER DOT FASTENERS 72
93-NS-10412-1U SNAP, BACKING DOT FASTENERS 72
D-017
D-018
93-XN-10224-1U
D-018
93-NS-10412-1U
SUPPLIED CUP
N SHAW
3
125
IS NOT TO BE REPRODUCED OR 
DISCLOSED HERIN OR HEREWITH 
ALL SMALL FILLETS .020-.040
C
N SHAW
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1:6
3D
1
12/10/2011
SIGNATURES
THIRD ANGLE PROJECTION
N SHAW
D B
12/10/2011
THIS DOCUMENT AND THE DATA 
D-002
DESCRIPTION
CHECKED
PARTS LIST
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
12/10/2011
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
ASSY, PUTTING SURFACE4.25
.4
43.0
91.0
 THRU4.3
12.0
21.5
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B NEW DIMENSIONS 4/14/2012 N SHAW
1.  MATL: TURF
2.  FINISH: NATURAL
125
IS NOT TO BE REPRODUCED OR 
THIRD ANGLE PROJECTION
ALL SMALL FILLETS .020-.040
3D
1:8
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4
D
3
D
2
N SHAW
DISCLOSED HERIN OR HEREWITH 
12/10/2011
12/10/2011
N SHAW
3
N SHAW
D-017
SIGNATURES
C
DESCRIPTION
THIS DOCUMENT AND THE DATA 
CHECKED
PARTS LIST
SW
1
DISCLOSED IN WHOLE OR IN 
DERON LLC.
12/10/2011
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
DERON LLC PROPRIETARY
DRAWN
ENGINEER
DATE
B
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
SURFACE, PUTTING
125
IS NOT TO BE REPRODUCED OR 
DISCLOSED HERIN OR HEREWITH 
ALL SMALL FILLETS .020-.040
3D
1:8
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
N SHAW
1
D
12/10/2011
12/10/2011
N SHAW
3
N SHAW
D-018
SIGNATURES
C
DESCRIPTION
THIS DOCUMENT AND THE DATA 
CHECKED
PARTS LIST
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DERON LLC.
12/10/2011
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
THIRD ANGLE PROJECTION
B
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
SURFACE, SUPPORT
NOTES:
1.  MATL: TRAMPOLINE FABRIC
2.  FINISH: NATURAL
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
B NEW DIMENSIONS 4/14/2012 N SHAW
43.0
91.0
12.0
21.5
FIT TO CUP HOLDER
1.  ALL WIRES ARE AWG 30 UNLESS OTHERWISE STATED
NOTES:
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
3D
H PETT
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
1
4/18/2012
H PETT     4/18/2012
4/18/2012
D D-022
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
THIRD ANGLE PROJECTION
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATESIGNATURES
A
C
1:2
H PETT
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
ELECTRICAL, MAIN
NOTES:
ALL WIRES ARE AWG 30 UNLESS OTHERWISE STATED1.  
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
1:2
1
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
H PETT
3D
4/18/2012
H PETT     4/18/2012
4/18/2012
D-023
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
THIRD ANGLE PROJECTION
A
SIGNATURES
C
H PETT
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
  MEMANDADDR
1:2
1
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
THIRD ANGLE PROJECTION
H PETT
4/18/2012
H PETT                      4/18/2012
4/18/2012
D-024
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
3D A
SIGNATURES
C
H PETT
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
MOTOR CONTROL
NOTES:
ALL WIRES ARE AWG 30 UNLESS OTHERWISE STATED1.  
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
NOTES:
ALL WIRES ARE AWG 30 UNLESS OTHERWISE STATED1.  
REVISIONS
REV. ZONE DESCRIPTION DATE APPROVED
A INITIAL RELEASE N SHAW
THIRD ANGLE PROJECTION
1:2
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
D
H PETT
3D
4/18/2012
H PETT                      4/18/2012
4/18/2012
D-025
DESCRIPTION
CHECKED
PARTS LIST
ALL SMALL FILLETS .020-.040
DISCLOSED HERIN OR HEREWITH 
SW
125
IS NOT TO BE REPRODUCED OR 
DERON LLC PROPRIETARY
THIS DOCUMENT AND THE DATA 
DISCLOSED IN WHOLE OR IN 
DERON LLC.
D
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
DATE
1
A
SIGNATURES
C
H PETT
3
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
DIMENSIONS ARE IN INCHES
DIMENSIONING AND TOLERANCING
PER ASME Y14.5M-1994
TOLERANCE UNLESS SPECIFIED
.X = .05
.XX = .01
.XXX = .005
.XXXX = .0005
ANGLES = 0.5
SURFACE ROUGHNESS
BREAK SHARP EDGES .010-.020
UCONTROLLER
00
.
7
5
0
2
.
2
5
0
3
.
0
0
0
3
.
7
5
0
5
.
2
5
0
6
.
0
0
0
.750
1.500
DISCLOSED HERIN OR HEREWITH 
N SHAW
1
12/10/2011
A
8 7
B
6 5
C
D
8 7 6 5
4 2 1
A
B
4 3 2
N SHAW
12/10/2011
D
D
12/10/2011
DERON LLC.
THIRD ANGLE PROJECTION
D-028
DESCRIPTION
IS NOT TO BE REPRODUCED OR 
125
CHECKED
N SHAW
3
PARTS LIST
THIS DOCUMENT AND THE DATA 
SW
DERON LLC PROPRIETARY
DISCLOSED IN WHOLE OR IN 
DATESIGNATURES
SHT  1    OF    1SCALE
REVDRAWING NUMBERSIZE
ENGINEER
DRAWN
ALL SMALL FILLETS .020-.040
3D
2:1
A
C
PART TO ANYONE WITHOUT 
WRITTEN PERMISSION OF 
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Reconfigurable Putting Green 
Purpose of Design 
Golfing has been a great attraction all over the world for several 
decades. But in places where space is limited or harsh weather limits the 
time frame where getting out on the green is feasible, year round golfing 
becomes very difficult. And as every golfer knows, it is much easier to 
stay in practice than to rediscover lost technique. For this reason the 
idea arose to design a re-configurable putting green: a putting green that 
can take on the topography of any desired green. This would do away 
with the need for several different putting greens in order to practice on 
different levels of difficulty and new terrain. It would also make it 
possible to putt indoors in much smaller spaces making the opportunity 
to hone in that world class putt available to more people in more places.  
Design Requirements 
The requirements for this design are based around the customers need 
for a demo prototype of a reconfigurable putting green that he can take 
around and show potential investors and customers to gain support for 
further product development. There are 5 basic requirements given by 
the customer:  
• Realistic putting surface: The green must be an accurate and realistic 
representation of a putting green and must be able to support a 
person standing on top in order to facilitate a realistic putting 
scenario.  
• Transformation time: Transformation time must be reasonable. 
Requirement was set to a transformation time of less than 30 
seconds. This requirement does not apply to a power reset.  
• Power source: Each module must be able to plug into a normal wall 
outlet.  
• Laptop controlled: The putting green must be controlled by a 
common device. Laptop controlled was deemed adequate by the 
customer and was set to be the formal requirement.  
• Maintenance: A 6 month maintenance cycle was requested by the 
customer.  
Design Specifications 
• This design presents a 4’x8’ section made of two 4’x4’ modules. Because of the size reduction of 
the putting green, the topographical range will only need to be 6” across the module width of 4’.  
• The design uses an array of linear actuators to create the topography. The actuators are mounted in 
the vertical direction and are used to control the surface in a square matrix pattern. Each module 
contains a 6x6 array of actuators with 8 inch spacing between the centers of each actuator. Each of 
the linear actuators has a vertical range of 6”. The actuators are attached to a subsurface to carry 
the loads between the actuators and to create a uniform surface. The primary purpose of the 
subsurface is to create a smoothly contoured putting surface that simulates the smooth curves of a 
putting green. Attached to the subsurface is an artificial turf that creates a seamless, realistic 
putting surface.  
• Each module is controlled by a microcontroller. The microcontroller dictates the steps for all the 
stepper motors mounted on the bottom of each linear actuator. The use of stepper motors on the 
linear actuators give precise control over the resolution of the putting surface. The micro-
controllers are governed by a computers controlling function which dictate the steps of the 
motors. Power to the stepper motors is supplied by a computer power supply that runs on a 
standard 110 volt AC circuit. However, a 220 volt AC circuit can be used for larger module arrays.  
• Each 4’x4’ module is self-contained and can be easily moved via castor wheels mounted on the 
base of each module. Each module has a connection to the computer through USB.  
Performance Data and Test Results 
Surface granularity  
• The actuator spacing of 8’’ was determined for the following 
reasons: cost, spatial clearance and size of motors. Future testing 
will include testing actuator spacing effects on putting realism by 
having Dan and Jeff putt on the surface and determine how realistic 
it is and if the actuator spacing is acceptable.  
When locked will support 300 lbs. per 4 square feet 
• Initial hand calculations from MAE 4800 stated actuators would 
hold weight. We have had multiple team members (150 lbs.-200 
lbs.) individually stand and walk upon the prototype with no failure 
in the actuators. 
Total transformation time of 30 seconds between topographies  
• Each individual actuator has been tested and is capable of going 
through its full range of travel in 25-26 seconds. The controlling 
function in theory should not increase this transformation time by 
more than a few milliseconds.  
Simulate realistic putting surface  
• The grass turf has been deemed worthy to simulate a “real” putting 
surface by the golfers in the group; therefore, meeting the look and 
touch requirement.  
• The sub-surface has passed some initial testing; however, some 
adjustments will need to be made to actuator spacing in order to 
tighten up gaps. The trampoline material marginally meets the 
requirements. A better sub-surface or composite assembly should be 
researched in order to better hold the weight of a putter. More testing 
to be done with actual green topographies.  
• Subsurface is connected by snaps which are epoxied into the rubber 
sanding foot. Testing was done in order to deem the epoxy worthy. 
Epoxy withstood a medium torque and a significant tensile load 
indicating a more than adequate bond strength for the small loads 
expected. The snap will unsnap before the epoxy fails. Durability 
should be good, but only time will tell.  
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